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Streptococcus agalactiae mastitis: A review
Gregory P. Keefe

Abstract - Streptococcus agalactiae continues to be a major cause of subclinical mastitis in dairy
cattle and a source of economic loss for the industry. Veterinarians are often asked to provide infor-
mation on herd level control and eradication of S. agalactiae mastitis. This review collects and col-
lates relevant publications on the subject. The literature search was conducted in 1993 on the
Agricola database. Articles related to S. agalactiae epidemiology, pathogen identification techniques,
milk quality consequences, and control, prevention, and therapy were included.

Streptococcus agalactiae is an obligate parasite of the bovine mammary gland and is susceptible
to treatment with a variety of antibiotics. Despite this fact, where state or provincial census data are
available, herd prevalence levels range from 11% (Alberta, 1991) to 47% (Vermont, 1985).
Infection with S. agalactiae is associated with elevated somatic cell count and total bacteria count
and a decrease in the quantity and quality of milk products produced. Bulk tank milk culture has, using
traditional milk culture techniques, had a low sensitivity for identifying S. agalactiae at the herd
level. New culture methods, using selective media and large inocula, have substantially improved
the sensitivity of bulk tank culture. Efficacy of therapy on individual cows remains high. Protocols
for therapy of all infected animals in a herd are generally successful in eradicating the pathogen from
the herd, especially if they are followed up with good udder hygiene techniques.

Resume- Mammites a Streptococcus agalactiae: analyse documentaire. Le Streptococcus
agalactiae continue d'etre une cause importante de mammites subchimiques dans les troupeaux laitiers
et de pertes economiques pour l'industrie. On demande souvent aux veterinaires de foumir des infor-
mations sur le controle et l'eradication des mammites 'a S. agalactiae dans les troupeaux. Cette analyse
recueille et rassemble les publications pertinentes. L'analyse documentaire a ete faite en 1993 en uti-
lisant la banque de donnees Agricola. Les articles relies 'a l'epidemiologie de S. agalactiae, aux tech-
niques d'identification du pathogene, aux consequences sur la qualite du lait ainsi que ceux sur le
controle, la prevention et la therapie ont ete retenus.
Le Streptococcus agalactiae est un parasite obligatoire de la glande mammaire des bovins et est

susceptible d'etre combattu par plusieurs antibiotiques. En depit de ces constatations, dans tous les
etats ou les provinces ofu des releves epidemiologiques sont disponibles, le taux de prevalence au niveau
des troupeaux varie de 11 % (Alberta, 1991) a 47 % (Vermont, 1985). L'infection 'a S. agalactiae est
associee 'a un comptage eleve de cellules somatiques et de bacteries totales et a une diminution de
la quantite et de la qualite des produits laitiers. La culture du lait provenant de reservoir de con-
servation en vrac selon les techniques traditionnelles avait une faible sensibilite pour identifier le
S. agalactiae au niveau du troupeau. De nouvelles methodes de culture, utilisant des milieux
selectifs et des inocula massifs, ont grandement ameliore la sensibilite des methodes de culture a par-
tir des reservoirs en vrac. Les protocoles de therapie de tous les individus infectes d'un troupeau sont
en general efficaces pour eradiquer le pathogene d'un troupeau, specialement s'ils sont accompa-
gnes de bonnes techniques d'hygifene du pis.

(Traduit par docteur AndreBlouin)
Can Vet J 1997; 38:429-437

Introduction profitability (2). Despite the fact that a sustained exten-
astitis is a major source of economic loss to the sion and educational effort has been ongoing since the

Vidairy industry (1), and milk quality and the preva- early 1970s, mastitis remains the single health factor that
lence of mastitis are major factors in determining farm is most influential in affecting milk production, with both

clinical and subclinical mastitis having a major effect on
Department of Health Management, Atlantic Veterinary milk yield (3). Based on responses to a questionnaire sent
College, University of Prince Edward Island, 550 University to dairy personnel in each st'ate, the annual cost of mastitisAvenue, Charlottetown, Prince Edward Island ClA 4P3. in the United States was estimated at 1.3 billion dollars
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in 1976 (4). This represented 11% of total farm receipts
for milk sales, or $117.35 per cow (4). Other studies have
estimated the annual milk loss due to mastitis caused by
the major contagious pathogens, Streptococcus agalac-
tiae and Staphylococcus aureus, at 10% (5).

Veterinarians play an important role in the manage-
ment of mastitis. They are increasingly relied upon for
information related to herd management of animal
health, as well as individual animal diseases. Dairy
herd managers ranked mastitis as the most important dis-
ease on their farms (6). These farmers consulted vet-
erinarians more frequently than any other professional
group about this problem. It is important to note, how-
ever, that 16 of 42 producers sought advice from some-
one other than a veterinarian, such as a processor's
field representative, county extension agent, or feed
company representative, as their primary source of
mastitis information (6). It is evident that if veterinari-
ans are to remain in a leadership position, relative to the
provision of udder health services to dairy producers, they
must continue to upgrade their knowledge and skills (7).

Materials and methods
The literature search for this paper was conducted on

the Agricola database. Key words used in the search
included Streptococcus agalactiae, group B strepto-
cocci, subclinical mastitis, and contagious mastitis.
The search was conducted in 1993 and included all
articles published since 1980. Publications prior to
1980 deemed to be of historical significance were also
included. All papers identified through the Agricola
search containing relevant and unique information per-
tinent to the topic were included. Additional publications
dated after the search period have been added during
preparation of the manuscript. Most studies that are

cited incorporated good statistical design, and where sam-
pling of populations was used, random sampling tech-
niques were employed. Studies that used nonrandom or

convenience sampling techniques were included, if
they added pertinent information. Studies that used
convenience sampling methods are identified as such in
the text.

Results
Overview of Streptococcus agalactiae
Streptococcus agalactiae was a major cause of mastitis
in the pre-antibiotic era. It remains a significant cause of
chronic mastitis in many herds, even though it can be
readily eliminated (8). Procedures for the diagnosis
and treatment of intramammary infections due to the
bacterium are well established (9). Since it can sur-

vive for long periods only within the mammary gland
and is susceptible to penicillin therapy, eradication
within a closed herd is possible (10). Herds can be
maintained free of infection with S. agalactiae under field
conditions (1 1).

Streptococcus agalactiae has the ability to adhere
to the mammary tissue of cows and the specific micro-
environment of the bovine udder is necessary for the
growth of the bacterium (12). The virulence of various
strains is related to differences in their ability to adhere
to the mammary epithelium (8).

Streptococcus agalactiae also causes neonatal sep-
ticemia in humans. Human infection is generally acquired
from other human sources, although there may be some
risk associated with direct exposure to infected ani-
mals or their products. Overall there is considerable
homology between strains isolated from septicemic
infants and mastitic cows (13). Although some surface
antigens seem to be specific to the cow (14), Streptococcus
agalactiae is now recognized to be part of the normal
bacterial flora in the human throat, genitourinary tract,
and rectum (15).

Epidemiology
Streptococcus agalactiae is a highly contagious oblig-
ate parasite of the bovine mammary gland (10). It gen-
erally causes a low-grade persistent type of infection and
does not have a high self-cure rate (16). Unidentified
infected cattle function as reservoirs of infection,
because they are not selected for treatment, segregation,
or culling (17). For an obligate intramammary pathogen
like S. agalactiae, the bovine udder is recognized as the
only reasonable source of the organism in the milk.
Consequently, isolates in the bulk tank are usually
assumed to have come from the udder (18,19).
When a herd is infected with S. agalactiae, tradi-

tionally there has been a high within-herd prevalence
(19). In 1982, an average of 39.5% of cows were infected
within positive herds in Mississippi (20). In Massachusetts,
an intraherd prevalence of 44.7% was found among
infected herds between 1976 and 1982 (21). More recent
studies in 1990 (22) and 1992 (23) showed a trend
toward lower within-herd prevalences, with individual
cow infection levels in positive herds averaging 7.9% and
10%, respectively. In the 1992 study, the authors noted
that infection status had a marked positive skew, with
most herds having a very low proportion of quarters
infected and a few herds having a high proportion. This
is in sharp contrast to the Massachusetts study (21), in
which S. agalactiae-positive herds had major pathogens
isolated from 58.5% of cows, with 69% of these isolates
being S. agalactiae.

Herd prevalence studies
Prevalence studies have been conducted in a number of
areas. Some studies were based on the culture of milk
samples from individual cows, while others were based
on the culture of bulk tank milk samples. All figures
quoted below are of herd level prevalence. Streptococcus
agalactiae was isolated from either the bulk tank milk or
the culture of at least 1 individual cow sample in the herd.
Some of the prevalence data cited in the review were
based on census of the entire study population, while
others were based on a sample, random or convenience,
of the population.

Bulk tank cultures
In a 1982 census of herds in Mississippi (n = 998),
435 herds (44%) were positive for S. agalactiae (20). In
a census of the 2931 herds shipping milk in Vermont in
1985, S. agalactiae was isolated on a single, bulk tank
milk culture from 47% of herds (24). In 1990, the study
was repeated on 1971 of these herds that were still in pro-

duction. The herd prevalence was found to be 32%
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(25). In a census of herds in Alberta in 1991 (n = 1350),
the herd prevalence of infection was found to be 11 %
(26). In a census of herds in Prince Edward Island in
1992 (n = 460), the herd prevalence of S. agalactiae was
found to be 18.9% (27). In a random sample of dairy
herds in southwestern Ontario in 1990, 42.4% of
250 herds were found to be positive (22). In a stratified
random sample of herds in the St. Hyacinthe agricultural
region of Quebec in 1991, 43% of 400 herds were found
to be positive (28).

In California, 44% of herds in a nonrandomly selected
group (n = 50) were found to be infected, based on a sin-
gle, bulk tank milk sample (19). In an Irish study,
38.5% of 379 herds tested in a monthly bulk tank culture
program were positive during the yearlong study (29). In
a study of herds selling milk to a cooperative giving pre-
miums for low somatic cell count (SCC), the herd
prevalence of S. agalactiae was 5%, based on 802 bulk
tank cultures (11).

Individual cow samples
In a stratified random sample of herds in Ohio, using cul-
tures of individual cow samples, 56% of 48 herds had at
least 1 positive culture (23). In a separate stratified
random sample study in the same state, also using indi-
vidual cow samples, 34.7% of 49 herds were found to be
positive (18).

In Pennsylvania, 60% of 29 nonrandomly selected
herds had at least 1 cow infected with S. agalactiae
(30). In California (31), 47 of 50 herds in a nonrandomly
selected group had at least 1 cow infected with S. agalac-
tiae (herd prevalence 94%). Streptococcus agalactiae was
the most prevalent bacterium from individual cow cul-
tures. Of the 23 138 individual cows tested, using com-
posite milk culture, 7.8 1% were positive. In a review of
19 000 herd surveys conducted by the New York State
Quality Milk Promotion Service, more than half had at
least 1 cow infected with S. agalactiae (32).

It is evident from these figures that S. agalactiae
remains an important problem in the North American
dairy industry. These values represent serious eco-
nomic losses to the industry. It is encouraging to note that
in the study of herds shipping milk to a dairy processor
paying quality premiums, the level of infection seems
drastically reduced over that of other studies in the
same state. This suggests that the problem can be con-
trolled at the field level.

Pathogen identification
If eradication programs for S. agalactiae are to be
effective, methods for identification of the pathogen
at both the herd and individual cow level need to be inex-
pensive, accurate, and nonlabor intensive. Researchers
continue to work on the advancement of diagnostic
tests both through refinements of the traditional bacte-
riological techniques and in the area of diagnostic
immunology.

Microbiology of Streptococcus agalactiae
Streptococcus agalactiae, a group B streptococcus, is a

gram-positive coccus, often noted growing in chains in
milk and in liquid media. Pasteur, Koch, and Neisser, the
1st proponents of the germ theory of disease, recognized

the role of streptococci in disease (33). In 1889, Nocard
and Mollereau isolated "Streptococcus nocardi," later
renamed Streptococcus agalactiae, in the original inves-
tigation of the cause of bovine mastitis. Prior to the wide-
spread use of penicillin, researchers stated that 90%
of all bovine mastitis was caused by streptococci (34).
Group B streptococci produce an extracellular prod-

uct, which, in the presence of staphylococcal a hemolysin,
causes a zone of complete hemolysis in blood agar,
referred to as the CAMP reaction (named for the dis-
coverers of the phenomenon Christie, Atkins, and
Munch-Peterson) (35). Traditionally, the CAMP reaction
has been read by streaking a ,3-hemolytic staphylococ-
cus perpendicular to streaks of suspect streptococci.
As early as 1968, 3-hemolysin was extracted from
staphylococci (36). The toxin was then incorporated
into media to allow the direct observation of the CAMP
reaction on primary plates. In the same year, other
researchers, noted that the CAMP reaction observed
using a crude 3-hemolysin, which they streaked on the
surface of the plates, was identical to that observed
using streaks of living (3-staphylococci (37). Others
have used drops of the 1-hemolysin to observe the
CAMP reaction (38). ,Beta hemolysin is not commercially
available, but details on its production have been pub-
lished (36).

Unlike most other species of streptococci, S. agalac-
tiae does not hydrolyze esculin (33). The addition of
ferric citrate to media as an iron source augments the
dark color production by esculin-splitting bacteria,
facilitating differentiation of these bacteria from group B
streptococci (33).
Another feature of group B streptococci, which has

been exploited for identification purposes, is its ability
to produce pigmented colonies when grown anaerobically
on starch-containing media (39). Pigment production is
very much dependent on anaerobic conditions, inclusion
of starch in the medium (0.1%), and the pH of the
medium (>7.3) (39). The pigment has the characteristics
of a carotenoid localized in the membranous portion of
the cell wall (40). A close linkage has been proposed
between the genes associated with pigment production
and hemolysis (39). Production of the pigment appears
to be more consistent among human than bovine strains
(15,41).

Fresh or frozen milk samples have been used suc-
cessfully in the culture of both pooled bulk tank and
individual cow samples for S. agalactiae (17,42-44).
Generally, freezing has had no effect on the recovery of
S. agalactiae from the milk of infected cows (9,43,44).
However, in 1 report, freezing increased the number of
isolations (17). The viability of S. agalactiae in milk was

determined by quantifying the number of colony-forming
units before and after freezing (45). Storage at -20°C for
4 wk did not affect the number of colonies recovered.

Culture from bulk tank samples
Bacteria in bulk tank milk can originate from 1 of 2
sources. Bacteria can be present within the cow's udder
or environmental contamination can occur as milk is
removed from the cow, handled, and processed (46). Due
to the obligate nature of S. agalactiae, its presence in bulk
milk is the exclusive result of shedding of bacteria
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from infected quarters (47). Consequently, the assump-
tion of 100% specificity on bulk tank milk samples is rea-
sonable (1 8). Str-eptococcus agalactiae is usually shed
in high numbers from infected glands (43,48), with a
cyclic shedding pattern being typical (49). The number
of S. agalactiae in bulk tank milk is a function of the
number of infected quarters shedding the organism. In
a study of 7 herds, S. agalactiae did not multiply within
the milking system or in the tank, except at temperatures
higher than 27°C (19).

Although the specificity of culture of bulk tank milk
can be assumed to be very high, the sensitivity has
been variable among studies. Not all researchers have
used the same methods. Consequently, it is difficult to
compare test characteristics among the various protocols.
Variations in the sensitivity of culture of bulk tank
milk are probably a function of differences in the pro-
tocols, variation in the intraherd prevalence, and varia-
tions in the rate of bacterial shedding related to the
stage of infection (19).

In a study of 49 herds, culture results from samples of
bulk tank milk and the milk filter were compared with
individual quarter milk samples (18). The method used
was to streak an 0.01 mL aliquot on a quadrant of sheep
blood esculin agar and trypticase soy, crystal violet,
and thallium acetate (TKT) medium. The prevalence of
S. agalac tiae, based on at least I culture-positive cow in
the herd, was 35%. The sensitivity of culture of bulk tank
milk was 35% (6/17). The specificity of the test was 97%
(31/32). In the same study, the use of the milk filter was
found to have a sensitivity of 24% (4/17).

In a study in which composite cow and bulk tank
milk samples were taken from 23 138 cows in 50 herds,
1 loopful (0.01 mL) of milk from the composite samples
or samples of bulk tank milk was streaked on a half or
a full blood agar plate, respectively (19). A streak of
3-hemolysin was placed on the medium, so the CAMP

reaction could be read directly. The sensitivity of cultures
from bulk tank milk, using individual cow sampling
as the gold standard, was 50%. Forty-six percent of
the observed variation in the intraherd prevalence could
be explained on the basis of the number of colonies
isolated per millilitre of bulk tank, milk. In positive
herds in which S. agalactiae was not isolated from the
bulk tank, an average of 3.9% of the cows were infected.
In herds in which it was isolated from the bulk tank an
average of 18% of cows were infected (19).
The use of TKT medium with ferric citrate and a

0.01 mL inoculum on samples of bulk tank milk yielded
a sensitivity of only 20.5% when compared with the gold
standard of cultures from individual cows (22).
Schoonderwoerd et al (26) employed 2 selective

media in a technique for the isolation of S. agalactiae.
The I st was a starch medium, modified to make it more
selective, which was incubated under anaerobic condi-
tions so that pigment production could be observed.
The 2nd was a CAMP/esculin medium. When this tech-
nique was employed on bulk tank milk samples, a large
inoculum was used and the results of the cultures were
interpreted in parallel (26). Interpreting diagnostic tests
in parallel reduces the false negative classification
rate (50). The sensitivity of this protocol was reported to
be 95% and the specificity 100% (26). Using the same

technique in a separate study, the sensitivity of a single
culture of bulk tank milk was estimated to be between
65% and 78% (51).

Culture from individual cow samples
A mastitis monitoring program based on sampling of
cows at first milking, when cases of clinical mastitis
occur, and at dry off has been suggested (52). Others have
stated that whole herd culture gives a reliable picture of
the level of contagious mastitis pathogens (16). Each of
these protocols assumes that the culture of samples
from individual cows is accurate. It is difficult to define
the accuracy of culture of individual cow samples, as they
are often the gold standard against which other culture
methods are measured. Published studies measure the
agreement among tests or measure the effect, if any, of
various enrichment procedures.

Because no gold standard was available, Jasper et al
(53) attempted to establish the ability of bacterial culture
to identify S. agalactiae-infected quarters by measuring
the level of agreement between duplicate samples.
One quadrant of a TKT/FC plate was inoculated using
0.01 mL of milk. One hundred and seventy-three sam-
ples were eventually identified as positive. One hundred
and seventy-two were identified on the initial sample.
A study involving 167 cows on 4 farms with a cow

prevalence of S. agalactiae between 25% and 65% was
carried out to determine the effects of several different
sampling and cultural protocols on the number of cows
diagnosed as positive (9). Quarter and composite sam-
ples containing 0.01 mL of milk were streaked on a
half plate of trypticase soy blood agar with 0.1% of
esculin added. Alternatively, 0.05 mL of a composite
sample were inoculated on a whole plate. No differences
were noted for recovery rates from milk taken before,
immediately after, or 5 h after milking. The number
of cows identified as positive did not increase by quar-
ter sampling rather than composite sampling. The use of
a larger volume of inoculum with composite samples did
not affect the disease classification. The sensitivity and
specificity of a single culture, based on infection history,
ranged between 95% and 100%.
The effects of augmented culture techniques on the

recovery of bacteria from cases of clinical mastitis
have been evaluated (43). Results from cultures on
blood agar incubated for 48 h at 37°C were compared
with those in which preculture freezing, preculture
incubation, and increased inoculum sizes were used.
Other species of bacteria responded by increasing
growth and recovery rates. However, for S. agalactiae,
there was no effect. The authors speculated that this was
because, when present, S. agalactiae is usually shed in
high numbers (43). One study found a positive effect of
pre-enrichment in a brain heart infusion (BHI) broth on
the recovery rate of S. agalactiae compared with plating
of 0.01 mL directly on blood agar (54). Incubation of
composite milk samples in BHI for 6 h prior to inoculation
of the blood agar plates resulted in an increase in the per-
centage of cows classified as infected from 6.2 to 10.8.

In the absence of a gold standard based upon a dif-
ferent biological principle, it is difficult to assess the sen-
sitivity and specificity of cultures from individual cows.
However, the level of bacterial shedding, the inability of
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enhanced culture procedures to increase recovery in
most instances, and the fact that the test is highly repeat-
able all indicate that the sensitivity and specificity of the
test are high.

Other tests for S. agalactiae mastitis
There is a need for rapid, accurate, screening tests for the
identification of S. agalactiae in milk samples from
both bulk tanks and individual cows. Unfortunately,
preliminary culture must occur before the current tests
can be used. The most used of these tests is latex agglu-
tination. When used on isolates of samples from bulk
tank milk, the sensitivity and specificity of latex agglu-
tination were 97.6% and 98.2%, respectively (55). In
other studies, latex agglutination was 100% sensitive
(56-58) and had a specificity of between 98% and
100% (57,58). Other tests for S. agalactiae include the
Phadebact slide coagglutination method (59), as well as
the ELISA and IFA techniques (60).

Milk quality
The profitability of the dairy industry is driven by both
the quantity and the quality of the milk produced.
Although milk has often been described in the popular
media as "nature's most perfect food," it cannot escape
consumer scrutiny for quality and wholesomeness. As a
result, many milk marketing and processing organizations
have begun to penalize poor quality and give financial
rewards for superior quality milk. In the first 10 y of a
bonus payment scheme based on bulk tank somatic cell
count (BTSCC) and bacteriological criteria, producers
received $5 000 000 in bonus payments (61). The data
show a steady increase in the quality of milk during that
time period, suggesting that farmers do respond to
bonus payment schemes.

Milk products
Streptococcus agalactiae infection in dairy cattle plays
an important role in reducing the production of quality
milk and milk products. Milk from cows with subclin-
ical mastitis decreases the quality of cheese and other
manufactured milk products (62). Changes in milk
composition result in reduced nutritional value of milk,
increased processing problems, and off flavors (63).
The shelf life of fluid milk products is also decreased, due
to augmentation of the growth of spoilage bacteria (63).

Somatic cell count
Development of techniques for rapid measurement of the
SCC has contributed greatly to the advancement of
mastitis control programs. Cell counting provided
tangible evidence to producers of the existence of sub-
clinical mastitis (64). The economic impact of an elevated
SCC as a surrogate measure of subclinical mastitis has
been reviewed elsewhere (2,4,65).
High BTSCCs have been shown to be correlated with

poor milk quality, reduced quantity and quality of processed
milk products, and shorter shelf life (2) and are used by
the dairy industry as a measure of raw milk quality (2,65).
Decreasing BTSCCs has been associated with a parallel
decrease in antibiotic residue violations (2). Others
noted a similar relationship among antibiotic residue vio-
lations, elevated cell counts, and S. agalactiae-infection

status (29). In a study of 1032 farms, the highest average
SCC was found for farms with S. agalactiae in their bulk
tank milk (66). Streptococcus agalactiae produces high
SCC in individual cows, which has a significant influ-
ence on the BTSCC. In a group of herds with BTSCCs
greater than 700 000, the geometric mean SCC for
S. agalactiae-infected cows was 2 238 700 (67). In
another study, the arithmetic mean SCC for S. agalac-
tiae-infected cows was 900 000 (68). In herds with a
BTSCC greater than 800 000, 80% of cows with a
greater than 500 000 SCC were infected with S. agalac-
tiae (69). In a study of 12 herds (70), blitz therapy for
S. agalactiae dropped the average herd SCC from
918 000 to 439 000 in 30 d and, with the implementa-
tion of postmilking teat dip (PMTD) and dry cow ther-
apy (DCT), to 268 000 in 1 y.

In Vermont, a drop in the herd prevalence of S. agalac-
tiae from 47% to 32% over a period of 5 y corresponded
with a drop in the average BTSCC for the state from
539 X 103 cells/mL to 337 X 103 cells/mL (25).

In a randomly selected group of herds with an average
SCC greater than 700 X 103 cells/mL, all herds had
cows infected with S. agalactiae and 26% of quarters
were infected (67). In herds with an average SCC less
than 150 X 103 cells/mL, the percentage of quarters
infected with S. agalactiae was 0.1%.

Standard plate count
The total bacterial count in bulk tank milk can be sub-
stantially increased by the presence of S. agalactiae
mastitis in a dairy herd (24,48,71). Samples of bulk
tank milk from infected herds frequently contain bacterial
counts in the range of 20 000 to 100 000 colony forming
units (cfu) per mL (47), because a cow in the early stages
of infection with S. agalactiae can shed up to 100 X 106
bacteria per mL (48). The standard plate count (SPC)
dropped from 99 000 to 2000 after the implementation
of a modified, blitz therapy regimen and hygiene prac-
tices to control S. agalactiae (72).

Udder hygiene and therapy
Since the early 1970s when veterinarians began to ana-
lyze health problems at the herd level, the focus of
mastitis control programs has shifted from the treat-
ment of individual cases of mastitis to the develop-
ment of methods for the prevention, control, and herd
level therapy of mastitis. Premilking udder hygiene
and good cow husbandry are essential parts of a quality
milk program. Protocols for routine udder hygiene have
been reviewed elsewhere (73).

Control and prevention
A number of factors have been found to be associated
with the prevalence of S. agalactiae in a herd. Foremost
among these has been the failure to use PMTD and the
selective or nonuse of DCT (11,22,32). The use of a
common wash rag or sponge has also been found to
be a risk factor (23,32), as has the cleanliness of the cows,
cleanliness of the exercise area, and the herd size (23).
Inadequate treatment of clinical cases of mastitis was
observed more frequently in herds that were infected
(11). Larger herd size and nonparticipation in the Dairy
Herd Improvement Association program were associated
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with the disease (74). In contrast, Bartlett et al (23)
found that there was no association between PMTD
and DCT and the S. agalactiae-infection status of herds.
These researchers speculated that this was because the
practices were widely adopted by both infected and
noninfected herds.
Some authors have stated that, if applied in a con-

scientious program, PMTD in combination with DCT
will eliminate S. agalactiae from herds (10,64). It is pos-
sible that the widespread adoption of PMTD and DCT
may have led to a drop in the intraherd prevalence from
the high levels noted in the 1970s and early 1980s, but
not to complete eradication. Smith and Ward (75) spec-
ulated that this would happen as early as 1975. What does
seem certain is that failure to use these 2 procedures to
follow up a blitz therapy eradication program can lead
to considerable frustration and expense on the part of
dairy producers, due to re-emergence of infection within
the herd (1,76).

Therapy
The therapeutic and preventative effectiveness of anti-
microbial drugs for bovine mastitis is dependent upon
the etiological agent, proper use of the drug under con-
sideration, dairy husbandry, sanitation procedures, and
the phase of the disease (77). When drugs are being
selected for the treatment of subclinical mastitis, selec-
tion should be based on cost, safety, residue potential,
distribution properties, and sensitivity data (78).

Streptococcus agalactiae is generally sensitive to
intramammary therapy, using a variety of commer-
cially available preparations. Systemic therapy has also
been reported to be effective, but offers no clear medical
or economic benefits over intramammary therapy (78).
Treatment of S. agalactiae mastitis with intramammary
infusion products will result in a high percentage of
infections being eliminated in a cost effective manner and
with few residue concerns, provided that milk with-
holding times are observed (79). In herds with high
prevalence of S. agalactiae, the use of these products in
cases of both clinical and subclinical mastitis is justified,
because it stops bacterial shedding. It should be noted,
however, that the treatment of clinical cases is not
effective in reducing the herd prevalence, unless it is part
of a total control program (80).
Many studies have looked at the in vitro activity of

various antimicrobials against S. agalactiae. In 1 study,
none of 39 strains of S. agalactiae from 6 states were
resistant to penicillin and 95% were susceptible to lin-
comycin and erythromycin; 75% were susceptible to
tetracyclines, but susceptibility to streptomycin and
spectinomycin was much lower (81). In 2 studies, all
S. agalactiae (n = 7) (82) and (n = 14) (83) were sensi-
tive to penicillin or its derivatives, tetracyclines, and
erythromycin. In Quebec, 68 isolates of S. agalactiae
were found to be sensitive to penicillin or its deriva-
tives and erythromycin; 1 isolate was resistant to
tetracycline (84).

Sensitivity testing, in vitro, is an attempt to predict the
likely activity of the material in vivo (82), but the in vivo

behavior of the product may be different (83). So, it is
important to examine some reports of activity within the
mammary gland. Craven (85) reviewed 11 articles in

which the bacteriologic cure rate for S. agalactiae was
reported following penicillin therapy. The mean cure rate
was 84%. Tyler noted that both lactational and dry cow
therapy results in greater than 90% cure rates (78).
Huber (77) reported that 98% (n = 578) of infected
cows responded to treatment with penicillin-containing
drycow therapy products and that the sensitivity to
penicillin in 1977 was about the same as it was when
penicillin was first introduced.
Therapy with cloxacillin eliminated the bacteria

from 98% (76) and 100% (86) of cows infected with
S. agalactiae, respectively. In a study of farms with
long standing udder health problems, all cows shed-
ding S. agalactiae were treated with a combined peni-
cillin and novobiocin intramammary infusion prod-
uct (70); a cure rate of 92.6% for quarters and 88.3% for
cows was attained in 30 d.

In California (87), 220 cows were identified by com-
posite milk culture as being infected and were ran-
domly assigned to 1 of 2 treatment groups. One group
was treated with a commercially available intramammary
infusion product containing 100 000 IU of penicillin and
150 mg novobiocin; the other group was given 1.2 X 106
IU of procaine penicillin G in 10 mL of sterile saline.
When the infected cows were cultured again, 21 to 25 d
after treatment, 90% were no longer shedding the bac-
terium. The cure rate with the commercial product
(94%) was higher than that recorded with the home
prepared penicillin suspension (87%). The previous
SCC, as estimated by the California mastitis test (CMT),
was an important factor affecting the treatment out-
come, with high CMT cows less likely to have the
infection eliminated. Age was also a factor, with heifers
having higher recovery rates than older cows. Herd of ori-
gin was also associated with the outcome of therapy (87).
The management procedure that can most easily alter

the percentage of quarters infected in a herd without
destroying saleable milk is DCT (1). Drycow therapy
generally enhances the cure rate of existing infections and
should be used in herds with contagious mastitis
pathogens (88). Only 36% to 42% of quarters (n = 212)
spontaneously eliminated infections due to S. agalactiae
during the dry period. The use of DCT was associated
with a quarter cure rate of 95% (n = 1004) during the
same period (89).

Streptococcus agalactiae eradication programs
There are occasions when it may be beneficial to try to
reduce the prevalence of subclinical mastitis in a dairy
herd more rapidly than can be achieved with DCT and
PMTD (1).

Streptococcus agalactiae is the only pathogen caus-
ing subclinical mastitis that can be treated economi-
cally during lactation (90). It was eliminated from herds
that were blitz treated with antibiotics followed by
good sanitation procedures more quickly than from
blitz-treated herds that did not have follow up sanitation
(75). Cows that are nonresponsive to the 1st treatment
and are not identified for further treatment or culling can
serve as reservoirs of infection. In herds where teat
dipping and other hygienic practices are not adequately
performed, the bacteria can quickly spread to the non-

infected cows (90).
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There are several reports on eradication programs
and their cost effectiveness. In a study of 12 herds,
lactational therapy followed by a program of PMTD and
blanket DCT yielded a net benefit of 512 kg of milk and
14 kg of fat per cow in the 1st year (70). The ensuing
increased milk production resulted in a cost benefit
ratio of 2.28:1. Culture and treatment of positive animals
had a better cost benefit ratio than did either treatment
over a certain SCC threshold or total blitz-therapy of all
lactating cows (70).

Ninety-seven of 99 S. agalactiae-infected cows in a
herd (n = 627) were found to be free of the infection after
treatment with penicillin or a penicillin and novobiocin
combination (49). Expected lactation curves of the
untreated infected cows were compared with the lacta-
tion curves of treated infected cows and the lactation
curves of a series of matched control cows. The evalu-
ation revealed no significant difference between the
milk production of infected cows posttreatment and
that of cows that had never been infected. The level of
production returned to normal after treatment during the
same lactation. The economic benefits of the mastitis
treatment program were also calculated. The simulation
model predicted depressed lactation yields of approxi-
mately 25%, 16%, and 8% over the 305-day lactation
period for cows becoming infected at 14, 63, or 126 d in
milk, respectively. Consequently, the benefits of treat-
ment differed with the stage of lactation. Treatment of
infected cows early in lactation (<60 d) yielded a net
benefit of $396 and therapy of cows in mid-lactation
(61-120 d) yielded a net benefit of $237. Treatment
of cows with S. agalactiae in late lactation was associ-
ated with a net loss of $55 per cow. In this latter group,
the increase in production was not maintained long
enough to offset the costs associated with treatment. The
overall benefit to cost ratio for the blitz therapy program
was 2.25 to 1 (49).

Streptococcus agalactiae is the most common con-
tagious pathogen causing herd level infection in St. Croix,
US Virgin Islands. In a random survey of cows (91),
96.5% were infected with a pathogen, including 26%
with S. agalactiae. None of the producers were teat
dipping or using complete DCT and most were using a
common wash rag to clean cows. The authors estimated
that implementing a control program could return $317
to $999 per cow per year.
On S. agalactiae-infected farms where blitz therapy

of all infected cows is not possible, treatment protocols
have been modified. A modified blitz-therapy program
was used as part of a herd program to eliminate S. agalac-
tiae from a seasonal herd. A basic udder health man-

agement program was instituted and the herd was

divided into 2, based on a SCC threshold of 500 000.
Those cows in the high SCC category were treated with
300 mg of erythromycin, intramammary. When lactat-
ing cow numbers ebbed to their lowest point, all ani-
mals were treated with the same product. Cows were

treated at dry off with 500 mg of cloxacillin and 250 mg
of ampicillin. When the herd was in full production
again, all cows were cultured. None of the animals pre-

sent in the herd during the treatment protocol were still
positive. The program was found to have a benefit cost
ratio of 1.41:1 (92). In another modification of the

blitz-therapy protocol, all cows with clinical mastitis
or a CMT in any quarter greater than 2 were medicated.
This therapy was combined with improvements in milk-
ing equipment and sanitation. In a case report using
this method, the herd SCC dropped from 1 600 000 to
250 000 (72).
Management programs for subclinical mastitis in

general and S. agalactiae in particular are effective in
controlling herd infection. The economics of such pro-
grams are generally very favorable when response is
measured by changes in the prevalence of herd infec-
tion, incidence of clinical disease, or SCC.

National programs
Some countries have undertaken national or regional pro-
grams aimed at the eradication of S. agalactiae. These
programs have legislative authority to implement con-
trol measures and have been successful in dramatically
lowering the prevalence of the disease.

Israel has a system of regional laboratories with
regulatory authority to implement a S. agalactiae erad-
ication program. At 1 regional laboratory, a decrease in
herd prevalence of S. agalactiae from 28% of herds to
less than 2% was noted in the first 5 y of the scheme.
Each farm had its bulk tank milk cultured monthly,
and in infected herds, milk from all the lactating cows
was examined individually. All cows found to be posi-
tive were treated. Cows were resampled and animals
that were still positive after the 1st treatment were
either culled or treated again. Less than 3% of infected
cows needed to be culled because they were refractory
to treatment (93).

In Denmark, herd milk supplies are cultured annually
for the presence of S. agalactiae. All cows on farms
found to be positive on bulk tank culture are sampled
individually (94). Herd prevalence of the disease
decreased from 15% to 2% between the 1950s and
1970s after implementation of this program.

Conclusions
Streptococcus agalactiae continues to be a prevalent
cause of subclinical mastitis in the North American
dairy industry. With increased use of udder health
technologies, such as, TDCT and PMTD, there has
been a shift from high intraherd prevalence in the 1970s
and early 1980s to lower intraherd prevalence in the
1990s. Subclinical mastitis associated with S. agalactiae
can have a substantial impact on the quantity and qual-
ity of milk produced. Herd level control and erad-
ication programs have been shown to be cost effec-
tive. There is continuing need to enhance diagnostic
capability to improve sensitivity at the herd level, so
that infected herds can be notified of their status in a
timely manner. Provision of such information, com-
bined with producer education programs, may reduce
prevalence to levels at which regulatory programs may
be initiated.
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